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REMARKS 

Applicants respectfully request reconsideration of the present application. 

1. Disposition of the Claims and Specification 

Claims 1-28 are pending. Claims 8, 10, 15 and 18-28 are withdrawn. Claims 29-30 
are newly added. Claims 1-7, 9, 1 1-14, 16-17 and 29-30 are ready for prosecution on the 
merits. Claims 1-2, 5, 7, 11-13 and 17 are currently amended. Claims 1-2, 5, 1 1 and 17 are 
amended to remove non-elected subject matter. Claim 7 is amended at the suggestion of the 
examiner. 

Support for newly added claim 29 may be found in the specification, for example, at 
page 23, lines 26-3 1 . Support for newly added claim 30 may be found in the specification, 
for example, at page 23, lines 9-14 and at page 26, lines 1-7. 

Support for the amendment to claim 7 may be found in the specification, for example, 
at page 6, lines 6-8. Support for the amendment to claim 1 may be found in the specification, 
for example, at page 6, lines 19-25, at page 19, lines 6-10 and at page 23, lines 26-31. 
Support for the amendment to claim 12 may be found in the specification, for example, at 
page 14, lines 32-35. Support for the amendment to claim 13 may be found in the 
specification, for example, at page 18, lines 18-23. 

Applicants have amended the title and the specification at the request of the examiner. 
Because the foregoing amendments do not introduce new matter, entry thereof by the 
Examiner is respectfully requested. 

2. Specification 

The examiner has objected to the specification for containing embedded hyperlinks. 
Applicants have amended the specification to remove the embedded hyperlinks. 

The examiner has further objected to the title of the invention for not being descriptive 
and requires a new title clearly indicative of the invention. Applicants have amended the title 
to read "A MEMBRANE ASSOCIATED PROTEIN, A NUCLEIC ACID MOLECULE 
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ENCODING THE PROTEIN, AND METHOD OF DETECTION" at the suggestion of the 
examiner. Applicants respectfully request withdrawal of the objections to the specification. 

3. Claim Objections 

Claims 1-2, 5, 1 1 and 17 are objected to for reciting non-elected groups of sequences. 
Applicants have amended claims 1-2, 5, 1 1 and 17 to remove non-elected groups of 
sequences. 

Claim 7 is objected to for reciting a non-elected group, specifically a host cell and a 
transgenic organism. The examiner notes that the objection can be overcome by amending 
the claim to recite "a recombinant host cell. . ." or "an isolated host cell. . Applicants have 
amended claim 7 to recite "a recombinant host cell" as suggested by the examiner. Support 
for the amendment to claim 7 may be found in the specification, for example, at page 6, lines 
6-8. Applicants respectfully request withdrawal of the objections to claims 1-2, 5, 7, 11 and 
17. 

4. Claim Rejections - 35 U.S.C. § 101 

In paragraph 5 of the office action, the examiner rejected claims 1-7, 9, 11-14 and 16- 
17 under 35 U.S.C. § 101 because the invention is allegedly not supported by either a 
credible, specific or substantial asserted utility or a well established utility. The examiner 
notes that the specification discloses the claimed polypeptide and polynucleotide as a 
membrane associated protein, specifically MEMAP-28. The examiner also points out that the 
specification, at page 36, lines 29-30, discloses that MEMAP "appears to play a role in cell 
proliferative, autoimmune/inflammatory, neurological, and gastrointestinal disorders." Office 
Action at 6. 

The examiner reasons, however, that the specification "does not teach any 
significance or functional characteristics of the MEMAP-28 polynucleotide or polypeptide. 
The specification also does not disclose any methods or working examples that indicate 
MEMAP-28 is involved in any activity or disorder." Office Action at 6. The examiner 
further points out that while the specification asserts a patentable utility in treating or 
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preventing "a disorder associated with decreased expression or activity of MEMAP", such 
utility is not specific or substantial. Office Action at 8. The examiner reasons that the 
specification "does not disclose diseases associated with a mutated, deleted or translocated 
MEMAP polynucleotide (SEQ ID NO: 65) or polypeptide (SEQ ID NO: 28)." Office Action 
at 8. Applicants respectfully request reconsideration and withdrawal of the rejection. 

A. The specification teaches the significance and functional characteristics of 
MEMAP-28 in cell proliferative, immune and inflammatory disorders 

As the examiner has already pointed out, page 1, lines 4-6 and page 23, lines 33-35 
state that the proteins and sequences of the invention are useful in the diagnosis, treatment 
and prevention of cell proliferative disorders, immune disorders, and inflammatory disorders. 
Specifically, page 36, lines 34-36 of the specification states that the claimed protein and 
nucleotide sequence "may be administered to treat or prevent a disorder associated with 
decreased expression or activity of MEMAP" and the specification, on page 37, goes on to 
provide examples of such disorders. Similarly, page 38, lines 29-32 explains that the claimed 
invention may also be used to treat or prevent a disorder associated with "increased 
expression or activity of MEMAP." More particularly, the specification, at page 37, lines 1- 
8, specifically discloses the use of the claimed invention in the treatment and/or prevention of 
cancer. 

B. Post-filing publications confirm the utility of MEMAP-28 in cell proliferative, 
immune and inflammatory disorders 

According to the results of the attached sequence alignment, performed with SEQ ID 
NO: 28 of the instant invention, the protein identified in the specification having an amino 
acid sequence corresponding to SEQ ID NO: 28 is 100% identical to BPIL1. See Alignment 
(Exhibit 1). The annotation of BPIL1 (Exhibit 2) and associated post-filing article by Mulero 
et a/., IMMUNOGENETICS 54:293-300 (2002) (Exhibit 3), show that BPIL1 is a member of the 
lipid transfer/lipopolysaccharide binding protein (LT/LBP) gene family and is related to the 
bactericidal/permeability-increasing protein (BPI). 
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Mulero et al describes BPIL1 as being downregulated in larynx carcinoma tissue. See 
Mulero et al at 296. The authors further explain that BPIL1 is overexpressed in inflamed 
disease tissues, which suggests "that these genes may play a role in innate immunological 
functions ... in inflammation, host defense or pain." See Mulero et al at 299. Because the 
invention has at least one substantial and credible utility as set forth in the specification and 
confirmed by another publication, i.e. the treatment and/or prevention of larynx carcinoma, 
Applicants respectfully request withdrawal of the rejection under 35 U.S.C. § 101. 

5. Claim Rejections - 35 U.S.C. S 112, first paragraph 

In paragraph 6 of the office action, the examiner rejected claims 1-7, 9, 11-14 and 16- 
17 under 35 U.S.C. § 112, first paragraph, because the claimed invention is allegedly not 
supported by either a specific and substantial asserted utility or a well established utility. The 
examiner reasons that one skilled in the art would not know how to use the claimed invention. 

Applicants respectfully disagree with the examiner. Applicants have established a 
specific and substantial asserted utility, as described above in Section 5. Therefore, 
Applicants respectfully request withdrawal of this rejection. 

6. Claim Rejections - 35 U.S.C. § 112, first paragraph - enablement of claims 1-7, 
9.11-14 and 16-17 

In paragraph 6a of the office action, the examiner rejected claims 1-7, 9, 11-14 and 
16-17 under 35 U.S.C. § 1 12, first paragraph, for allegedly containing subject matter not 
described in the specification in such a way as to enable one skilled in the art to make and/or 
use the invention. The examiner reasons that the specification "does not enable the claimed 
naturally-occurring, biologically active, or immunogenic fragments and variants of MEMAP." 
Office Action at 1 1 . 

First, the examiner reasons that the specification "does not disclose methods or 
examples to enable one skilled in the art to obtain a 'natural' MEMAP." Office Action at 1 1 . 
Applicants respectfully disagree with the examiner. However, to expedite prosecution, 
Applicants have amended claims 1 and 1 1 to delete the reference to "naturally occurring" 
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variants of MEMAP. Support for the amendment to claims 1 and 1 1 may be found in the 
specification, for example at page 23, lines 9-14 and lines 26-31. Applicants respectfully 
request reconsideration and withdrawal of the rejection. 

Second, the examiner states that the specification does not disclose "methods or 
working examples that show how to use 'biologically active' fragments or that describe the 
specific activity associated with the fragments." Office Action at 1 1. Applicants respectfully 
disagree with the examiner. For example, Table 2 of the instant specification discloses 
potential phosphorylation sites, potential glycosylation sites, a signal peptide domain, a 
transmembrane domain, membrane glycoprotein signature sequences, and an olfactory ligand 
binding domain of SEQ ID NO: 28. Applicants submit that one of ordinary skill in the art 
would know how to make and use biologically active fragments of SEQ ID NO: 28 by 
referring to Table 2 of the specification. Applicants respectfully request reconsideration and 
withdrawal of the rejection. 

Third, the examiner believes that "an 'immunogenic fragment' of the amino acid 
sequence of SEQ ID NO: 28 gives rise to an antibody that is not specific for SEQ ID NO: 
28." Office Action at 1 1 . The examiner explains that such an immunogenic fragment elicits 
a general immune response and that the specification fails to teach one skilled in the art how 
to use non-specific antibodies. Applicants respectfully disagree with the examiner. 
Applicants note that they are not claiming any antibodies, whether specific or non-specific to 
SEQ ID NO: 28. Rather, claim 1 merely recites an immunogenic fragment. Therefore, the 
specification need not teach of one skill in the art how to use non-specific antibodies. 
Applicants respectfully request reconsideration and withdrawal of the rejection. , 

Fourth, the examiner reasons that while the specification discloses "variants" of the 
particular polynucleotide and polypeptide sequence, the specification does not teach: (a) an 
amino acid sequence "with at least 70% sequence identity to . . . SEQ ID NO: 28"; (b) a 
polynucleotide sequence "having at least 90% sequence identity to . . . SEQ ID NO: 65"; or (c) 
"any polynucleotide comprising at least 60 contiguous nucleotides of SEQ ID NO: 65." 
Office Action at 12. Further, the examiner believes that "the specification does not teach 
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functional or structural characteristics of the polynucleotides or polypeptides in the context of 
a cell or organism." Office Action at 12. The examiner refers to problems of predicting 
protein and DNA structure from sequence data, and states that "certain positions in the 
sequence are critical to the protein's structure/function relationship." Office Action at 12. 

Applicants respectfully disagree with the examiner. Applicants submit that one of 
skill in the art would be able to make a polypeptide and polynucleotide with a certain level of 
identity, i.e., 90% and/or 95% identity, to a reference sequence. Further, one of skill in the art 
would also be able to make a fragment having 60 contiguous nucleotides of SEQ ID NO: 65. 
In this regard, Applicants point to Table 2 of the instant specification. Table 2 discloses 
various structural characteristics of the claimed polypeptide including: (1) potential 
phosphorylation sites (T408, T98, S126, S170, T334); (2) potential glycosylation sites (N96, 
N151, N293, N332); and (3) signature sequences, motifs and domains such as signal peptides 
(M1-A20), transmembrane domains (L10-N30), membrane glycoprotein signature (L9-V101 
and L64-Q457), and an olfactory ligand binding domain (T67-S452). Applicants respectfully 
request reconsideration and withdrawal of the rejection. 

7. Claim Rejections - 35 U.S.C. S 112, first paragraph - enablement of claims 16-17 

In paragraph 6b of the office action, the examiner has rejected claims 16-17 because 
the claims allegedly recite "an intended use of the MEMAP polypeptide for treatment or 
administration in an animal." Office Action at 13. The examiner reasons that the 
specification "does not teach how to use a MEMAP polypeptide without undue 
experimentation for the treatment of a disease in an animal." Office Action at 13. The 
examiner further states that the rejection can be overcome by deleting the phrase 
"pharmaceutically acceptable excipient." 

Applicants respectfully disagree with the examiner. Applicants believe that one of 
ordinary skill in the art would be able to make and use the particular invention as recited in 
claims 16-17, without undue experimentation. Applicants claim a "composition comprising 
an effective amount of a polypeptide of claim 1 and a pharmaceutically acceptable excipient", 
which is supported in the specification at page 7, lines 21-28 and at page 47, lines 23-25. 
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Applicants note that the claims 16 and 17 do not recite a method of use, as suggested by the 
examiner. As such, Applicants respectfully request reconsideration and withdrawal of the 
rejection. 

8. Claim Rejections - 35 U.S.C. S 112, first paragraph - written description 

The examiner has rejected claims 1-7, 9, 1 1-14 and 16-17 under 35 U.S.C. § 1 12, first 
paragraph. The examiner reasons that the specification fails to disclose any functional or 
structural characteristics of the claimed sequences. The examiner also asserts that the 
description of a single polynucleotide sequence and polypeptide sequence "is not adequate 
written description of an entire genus of functionally equivalent polynucleotides and 
polypeptides which incorporate all variants and fragments with at least 70% sequence identity 
to . . . SEQ ID NO: 28, at least 90% sequence identity to . . . SEQ ID NO: 65, or at least 60 
contiguous nucleotides of . . . SEQ ID NO: 65." Office Action at 1 5. 

Applicants respectfully disagree with the examiner. Applicants point to Table 2, 
which discloses various structural characteristics of the claimed invention. Table 2 discloses 
structural characteristics of the claimed polypeptide including: (1) potential phosphorylation 
sites (T408, T98, S126, S170, T334); (2) potential glycosylation sites (N96, N151, N293, 
N332); and (3) signature sequences, motifs and domains such as signal peptides (M1-A20), 
transmembrane domains (L10-N30), membrane glycoprotein signature (L9-V101 and L64- 
Q457), and an olfactory ligand binding domain (T67-S452). Applicants respectfully request 
reconsideration and withdrawal of the rejection. 

With respect to the claimed polypeptides that are 70% identical to SEQ ID NO: 28, 
Applicants respectfully disagree that the specification does not provide adequate description 
of the entire genus of claimed sequences. However, to expedite prosecution, Applicants have 
amended claim 1 to recite that the claimed polypeptide variants are 90% identical to SEQ ID 
NO: 28. Support for the amendment to claim 1 may be found in the specification, for 
example, at page 23, lines 26-3 1 . 
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Applicants further assert that one of ordinary skill in the art would be able to create 
functionally equivalent 90% identical polypeptide and polynucleotide variants by following 
the teachings of the specification. Specifically, by using the information from Table 2, one of 
ordinary skill would know to retain those portions of the sequence identified in Table 2 when 
creating a variant 90% identical to SEQ ID NOs: 28 and 65. 

With respect claim 12, Applicants believe that the specification does provide adequate 
written description for a polynucleotide comprising at least 60 contiguous nucleotides of SEQ 
ID NO: 65. Applicants note that they have amended claim 12, as discussed below in Section 
10, to recite a polynucleotide comprising at least 150 contiguous nucleotides of SEQ ID NO: 
65. Support for the amendment to claim 12 may be found in the specification, for example, at 
page 14, lines 32-35. As such, Applicants respectfully request reconsideration and 
withdrawal of the rejection. 

9. Claim Rejections -35 U.S.C. S 112, second paragraph 

The examiner has rejected claims 13-14 under 35 U.S.C. § 112, second paragraph. 
The examiner reasons that the term "specifically hybridizes" in claim 13 is a relative term, 
which renders the claim indefinite. The examiner explains that in "the absence of a recitation 
of clear hybridization conditions (e.g., 'hybridizes at wash conditions consisting of A X SSC 
and B % SDS at C° C), claims 13-14 fail to define the metes and bounds" recited in the 
claims. Office Action at 17. 

Applicants respectfully disagree with the examiner. However, to expedite 
prosecution, Applicants have amended claim 13 to recite clear and specific hybridization 
conditions. Support for the amendment to claim 13 may be found in the specification, for 
example, at page 18, lines 18-23. Applicants respectfully request reconsideration and 
withdrawal of the rejection. 

10. Claim Rejections - 35 U.S.C. S 102 

Claim 12 is rejected under 35 U.S.C. § 102(a) as being anticipated by Genbank 
Accession No. AI834221 . The examiner reasons that the sequence disclosed in the cited 
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Genbank accession teaches an isolated polynucleotide comprising at least 60 contiguous 
nucleotides of SEQ ID NO: 65. Specifically, the cited sequence comprises 1 10 contiguous 
nucleotides of SEQ ID NO: 65. 

Applicants have amended claim 12 to recite "at least 150 contiguous nucleotides" of 
SEQ ID NO: 65. Support for the amendment to claim 12 may be found in the specification, 
for example, at page 14, lines 32-35. Applicants respectfully request withdrawal of the 
rejection. 

11. Conclusion 

Applicants believe that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. The 
Examiner is invited to contact the undersigned by telephone if it is felt that a telephone 
interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 19-0741 . Should no proper payment be enclosed herewith, as by a 
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or 
even entirely missing, the Commissioner is authorized to charge the unpaid amount to 
Deposit Account No. 19-0741 . If any extensions of time are needed for timely acceptance of 
papers submitted herewith, Applicants hereby petition for such extension under 37 C.F.R. 
§1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-0741. 



Respectfully submitted, 



Date 



By 




FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 945-6142 
Facsimile: (202) 672-5399 



Eve L. Frank 
Attorney for Applicant 
Registration No. 46,785 
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Alignment Page 1 of 1 

3393430C D1_PRT_28_PF-0731-USN 458 aa 

21667210 ~ ^ . _ ^ 

BKL Data for gene:Member of the LBP-BPI-CETP family, contains one LBP-BPI-CETP C-terminal 
domain, has weak similarity to human BPI, which binds to gram-negative bacteria and is associated 
with acute pancreatitis, enteritis and cirrhosis 

Match: Length=458, Identity: 100%, Similarity: 100%, Query Overlap: 100%, Subject Overlap: 100%, 
E-value:0.0, Score:877 



Query: 1 MAWASRLGLLLALLLPVVGASTPGTVVRLNKAALSYVSEIGKAPLQRALQVTVPHFLDWS 60 

MAWASRLGLLLALLLPVVGASTPGTVVRLNKAALSYVSEIGKAPLQRALQVTVPHFLDWS 
Sbjct : 1 MAWASRLGLLLALLLPVVGASTPGTVVRLNKAALSYVSEIGKAPLQRALQVTVPHFLDWS 60 

Query: 61 GEALQPTRIRILNVHVPRLHLKFIAGFGVRLLAAANFTFKVFRAPEPLELTLPVELLADT 120 

GEALQPTRIRILNVHVPRLHLKFIAGFGVRLLAAANFTFKVFRAPEPLELTLPVELLADT 
Sbjct : 61 GEALQPTRIRILNVHVPRLHLKFIAGFGVRLLAAANFTFKVFRAPEPLELTLPVELLADT 120 

Query: 121 RVTQSSIRTPVVSISACSLFSGHANEFDGSNSTSHALLVLVQKHIKAVLSNKLCLSISNL 180 

RVTQSSIRTPVVSISACSLFSGHANEFDGSNSTSHALLVLVQKHIKAVLSNKLCLSISNL 
Sbjct: 121 RVTQSSIRTPVVSISACSLFSGHANEFDGSNSTSHALLVLVQKHIKAVLSNKLCLSISNL 180 

Query: 181 VQGVNVHLGTLIGLNPVGPESQIRYSMVSVPTVTSDYISLEVNAVLFLLGKPIILPTDAT 240 

VQGVNVHLGTLIGLNPVGPESQIRYSMVSVPTVTSDYISLEVNAVLFLLGKPI ILPTDAT 
Sbjct: 181 VQGVNVHLGTLIGLNPVGPESQIRYSMVSVPTVTSDYISLEVNAVLFLLGKPI ILPTDAT 240 

Query: 241 PFVLPRHVGTEGSMATVGLSQQLFDSALLLLQKAGALNLDITGQLRSDDNLLNTSALGRL 300 

PFVLPRHVGTEGSMATVGLSQQLFDSALLLLQKAGALNLDITGQLRSDDNLLNTSALGRL 
Sbjct: 241 PFVLPRHVGTEGSMATVGLSQQLFDSALLLLQKAGALNLDITGQLRSDDNLLNTSALGRL 300 

Query: 301 IPEVARQFPEPM PVVLKVRLGATPVAMLHTNNATLRLQPFVEVLATASNSAFQSLFSLDV 360 

IPEVARQFPEPMPVVLKVRLGATPVAMLHTNNATLRLQPFVEVLATASNSAFQSLFSLDV 
Sbjct: 301 IPEVARQFPEPMPVVLKVRLGATPVAMLHTNNATLRLQPFVEVLATASNSAFQSLFSLDV 360 

Query: 361 VVNLRLQLSVSKVKLQGTTSVLGDVQLTVASSNVGFI DTDQVRTLMGTVFEKPLLDHLNA 420 

VVNLRLQLSVSKVKLQGTTSVLGDVQLTVASSNVGF I DTDQVRTLMGTVFEKPLLDHLNA 
Sbjct: 361 VVNLRLQLSVSKVKLQGTTSVLGDVQLTVASSNVGFI DTDQVRTLMGTVFEKPLLDHLNA 420 

Query: 421 LLAMGIALPGWNLHYVAPEIFVYEGYWISSGLFYQS 458 

LLAMGIALPGVVNLHYVAPEIFVYEGYWISSGLFYQS 
Sbjct: 421 LLAMGIALPGVVNLH YVAPE I FVYEGYVVI SSGLFYQS 458 



Schematic Colors: 



Very Strong 


Strong 


High 


Moderate 


Low 


Weak 


i 






i 




i 


>95% 


80-95% 


45-80% 


35-45% 


25-35% 


20-25% 



http://blueJncytexom/cgi-bin/LegalTool/geneAHgn.pl?GeneA=prot:403250&GeneB 9/9/2004 



Exhibit 2 
10/069,034 



IPPD Protein Report for 3393430CBl_DNA_65_PF-073 1 -USN Page 1 of 3 

This Protein Report of the BioKnowledge® Library is produced by Incyte Corporation for employees of Incyte Genomics who use the 
BioKnowledge Library in whole or in part in the ordinary course of performing pharmaceutical research and development for Incyte 
Genomics. The BioKnowledge Library and this report are proprietary products of Incyte Corporation and are protected under U.S. copyright 
law and international treaty provisions. Employees of Incyte Genomics shall not at any time furnish copies of all or part of this Protein 
Report to any third party without the express prior written consent of Incyte Corporation. 
Copyright Incyte Corporation 



Quick Search: C 



_ Proteonie 

/ ~/^~*\ BioKnowledge® Library 

( ,r/c #«) IPPD ™ 

' * . Incyte patented 



3393430CB1_DNA_65_PF-0731-USN 

Protein containing a lipopolysacch a ride-binding protein, bactericidal permeability- 
increasing protein, or cholesteryl ester transfer protein C-terminal domain, has 
weak similarity to bactericidal permeability-increasing protein (human BPI) 



G ene S y m bo l/S y non y m s 3393430CB 1_DNA_65_PF -073 1 -USN 

Corresponding Human BEILi TNCY;961Q33.FU g. 
Orthologs 
Gene Families Secreted 



Gene Ontology 7 

Molecular Function Phospholipid binding [P]; Lipopoly saccharide binding [P] 
[details] 

Biological Process Cellular defense response [P]; Defense response [P]; Acute- 
phase response [P]; Response to pathogenic bacteria [P] bioknowledge 
[details] retriever 
Cellular ComponentExtracellular space [P] [details.] 




Expression 

Organ/Tissue Salivary gland [E]; Tonsil [E]; Trachea [E] [ details] 

Cell Type 
Tumor Type 



Disease 
Diagnostic Marker 
Therapeutic Target 
Molecular Mechanism 
Negative Correlation 



Sequence 

Full mawa srl . . '. sglfyqs (1..458; 458 aa ) 
pi: 8.91 MW: 49174 TM: 1 [P] 

Gene Chromosome : 20qll.22 Introns : 



PROTEIN 
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3D Structure (PDB) 1BP1 (22%); 1EWF A (22%) [details] 

Domain LBP / BPI / CETP family, N-terminal domain... [details] 


SEQUENCE 


Related Proteins 

H. sapiensBPILl (\00%Y INCY:1 100723 (26%Y.. [details] 
Patents 7479 16 1CB1 DNA 20 PI-0346-PCT (28%)... [details] 
M. musculus23 1 0034L2 1 RTK (68%); RYA3 (26%)... [details] 
R. norvegicus 








D. rerio 
D. melanogaster 

C. elegansESSRll^ (26%) [detail*] 
S. pom be 
S. cerevisiae 
Fungal Pathogens 
C. albicans 
Others 








BLAST 
SUMMARY 


UteSeq® Foundation Release 13 
Human Transcripts INCY:96 1 033 Tncvte Gene 
Transcript ID Description 

INCY:961033.FT,1 [BPTL1] 45 8- aa form 
INCY:96 1 033.FT 2 440-aa splice form, lacks 

LBP_BPI_CETP_C Pfam 
domain 


Interactions 
Protein -Protein 
Complexes 








Gene Regulation 
Induced by 
Repressed by 
Not Affected by 






Protein Modifications jfc 


GenBank# PIR# SWISS-PROT #QSil4Eli 
Locus Link U 80341 Unigene # 257045 OMIM # 


Name 



• DJ726C3.2 "hypothetical protein dJ726C3.2" 
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NOTE 

Copyright Incyte Corporation 

All Rights Reserved. The BioKnowledge Library and its components are licensed "as is" 

This report was created on 02/04/2004. without warranty of any kind. We urge users to contribute to the 
E-mail: BioKnowledge@incvte.com BioKnowledge Library by sending comments to us at the accompanying 
. c _ ^ email address. 



http://max.incyte.com:5043/IPPD/3393430CB l_DNA_65_PF-073 1-USN.htm! 9/9/2004 



Immunogenetics (2002) 54:293-300 
DOI 10.1007/S0025 1-002-0467-3 



Exhibit 3 
10/069,034 



ORIGINAL PAPER 



Julio J. Mulero * Bryan J. Boyle • Shannon Bradley 
Jessica M. Bright • Sarah T. Nelken • Tam T* Ho 
Nancy K. Mize • John D. Childs 
Dennis G. Ballinger * John E. Ford - Fabio Rupp 

Three new human members of the lipid transfer/lipopolysaccharide 
binding protein family (LT/LBP) 

Received: 4 February 2002 / Revised: 29 April 2002 / Published online: 2 July 2002 
© Springer-VeTlag 2002 



Abstract We have identified three novel, rarely ex- 
pressed human genes that encode new members of the 
lipid transfer/lipopolysaccharide binding protein 
(LT/LBP) gene family based on sequence homology. BPI 
and other members of the LT/LBP family are structurally 
related proteins capable of binding phospholipids and li- 
popoly saccharides. Real-time PCR studies indicate that 
BPIL1 and BPIL3 are highly expressed in hypertrophic 
tonsils. In situ hybridization analysis of BPIL2 shows 
prominent expression in skin specimens from psoriasis 
patients. BPIL1 and BPIL3 map to Chromosome 20qll; 
thus, these novel genes form a cluster with BPI and two 
other members of the LT/LBP gene family on the long 
arm of human Chr 20. BPIL2 maps to Chr 22ql3. The 
exon/intron organization of all three genes is highly con- 
served with that of BPI, suggesting evolution from a 
common ancestor. 



Sequence data for this article have been deposited with the Gen- 
Bank data library under accession numbers AF465765 (BPIL1), 
AF465766 (BPIL2) and AF465767 (BPIL3) 
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Introduction 

The current members of the lipid transfer/lipopolysac- 
charide binding protein (LT/LBP) gene family are bacte- 
ricidal/permeability-increasing protein (BPI), cholesterol 
ester transfer protein (CETP), phospholipid transfer pro- 
tein (PLTP) and lipopolysaccharide binding protein 
(LBP). These molecules contain lipid-binding sites and 
appear to have a common ability to bind phospholipids 
and lipopolysaccharide (LPS) (Hailman et al. 1996; 
Bruce et al. 1998a), albeit with different affinities. These 
proteins share significant amino acid similarity and ex- 
on/intron organization suggesting that they arise from a 
common ancestor (Tu et al. 1 995; Hubacek et al. 1 997). 

CETP and PLTP are human plasma proteins and both 
play an important role in the catabolism of high-density 
lipoproteins (HDL), thus influencing the pathogenesis of 
atherosclerosis (Bruce et al. 1998b; Huuskonen et al. 
2001). CETP is an important determinant of lipoprotein 
composition because of its capacity to mediate the net 
transfer of triglycerides and cholesteryl esters between 
lipoprotein particles such as HDL. PLTP mediates the 
exchange and transfer of different phospholipids be- 
tween HDL particles. 

LBP is a plasma protein, while BPI is found in specif- 
ic granules of neutrophils and eosinophils (Calafat et al. 
1998); both proteins bind bacterial endotoxins and mod- 
ulate the host response to Gram-negative bacterial infec- 
tions (Schumann et al. 1990; Elsbach and Weiss 1998). 
LBP promotes endotoxin-mediated cell activation via an 
interaction with the cell surface protein CD 14 (Wright et 
al. 1990). BPI is bactericidal (Weiss et al. 1978), neutral- 
izes endotoxin (Marra et al. 1990), and may have thera- 
peutic value against sepsis (Lin et al. 1996). The crystal 
structure of the human BPI protein has been solved 
(Beamer et al. 1997) and consists of a boomerang- 
shaped molecule composed of two domains that share a 
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very similar fold. Each domain includes a hydrophobic 
pocket on the concave surface of the boomerang. The 
hydrophobic pockets bind a phospholipid molecule 
through interactions with the acyl chains of the lipid. 

We report here the cloning, characterization and map- 
ping of three previously unknown members of the 
LT/LBP protein family identified by amino acid similari- 
ty. These genes have been designated as bactericidal/per- 
meability-increasing protein-like 1, 2 and 3 (BPIL1, 
BPIL2 and BPIL3) (http://www.gene.ucl.ac.uk/nomen- 
clature/). 



[Waterfalls and metthodls 

cDNA isolation 

BPIL1 and BPIL3 were identified from a human trachea cDNA li- 
brary using the screening by hybridization (SBH) approach 
(Drmanac and Drmanac 1999). Their full-length sequence was ob- 
tained by rapid amplification of 5'-cDNA ends (RACE) (Mutimer 
et al. 1998) from a trachea cDNA library for BPIL1 and from a 
tonsil cDNA library for BPIL3. BPIL2 was also identified by the 
SBH approach, as a rarely expressed transcript in a fetal skin 
cDNA library. Full-length sequence was obtained by RACE using 
the same cDNA library. 



Real-time PCR 

RNA from hypertrophic and normal tonsils (Biochain Institute) 
was reverse transcribed to first-strand cDNA using MultiScribe 
Reverse Transcriptase (PE Biosystems) as described by the manu- 
facturer. Two reactions were performed on each mRNA sample, 
either in the presence or absence of reverse transcriptase. Each re- 
action contained 1 ug of poly(A) + RNA in a 50-ul total volume. 
The thermal cycling parameters for the reactions were 10 min at 
25 °C, 30 min at 48 °C and 5 min at 95 °C. Amplification of the 
cDNA' was performed in the presence of SYBR Green dye using a 
GeneAmp 5700 Sequence detection system (PE Biosystems) with 
gene-specific primers, designed using Primer Express (PE Biosys- 
tems) Forward and reverse primer sequences were designed for 
BPIL1 (5 '-TGTCCACCTGGGCACCTTAA-3 • and 5 '-GG AAT- 
AGCGGATCTGGGACTC-3 *) and for BPILS (5 '-CCAACC- 
TCAGTG ACCCCTG-3 1 and 5 '-TGGTGCGG ACATCAGAACA- 
TA-3*). The quantitative PCR was carried out using a SYBR 
Green PCR master mix (PE Biosystems) in a final reaction volume 
of 25 ul, containing 1 ul of reverse-transcribed RNA product, and 
300 nM concentration of the forward and reverse primers. The re- 
action conditions consisted of an initial denaturation step for 
10 min at 95 °C, followed by 40 cycles of 15 s at 95 °C and 1 min 
at 60 °C. All cDNA quantitations were normalized to cyclophilin 
40 (5*-GGGAGCGAGTTGGTCGAATT-3 ' and 5 '-CAGTCGTG- 
TGTCCAATGCCTT-3 ') (Drwinga et al. 1993) using a relative 
quantitation formula, as shown in the SYBR Green protocol (PE 
Biosystems). 



Chromosomal localization of the BPIL genes 

To determine the chromosomal , localization of BPIL 1 , gene-specif- 
ic PCR primers (5 *-G ATATCCAGTGGACTCTTCTACC-3 * and 
5 ' -CA GGTCTATACAGCCTGGAGG-3 * ) that resulted in a 315-nt 
product were screened against the NIGMS human/rodent somatic 
cell hybrid mapping panel no. 2 (Stewart et al. 1997) and the Stan- 
ford G3 Human/Hamster Radiation Hybrid panel (Tho mpson e t al. 
1994). Gene-specific primers for BPIL2 (5 '-TCCTTTTGT- 
GCTCCCAGAACG-3' and 5 '-TAGGGCTGCTCAACCGGTA- 
AG-3') resulted in a 406-bp band. Gene-specific primers for 



BPIL3 (5 *-GG ATGAG AGTCATATCCTGG A-3 * and 5-TGCCT- 
GTGGACACACATTGGAAGA-3 ') resulted in a 1.32-kb specific 
band. 

PCR amplification was performed using the following condi- 
tions: an initial denaturation at 94 °C, followed by 40 cycles of 
30 s at 94 °C, 1 min at 52 °C and 1 min at 72 °C, followed by an 
extension of 10 min at 72 °C. All products were separated by 3% 
agarose-gel electrophoresis and visualized by staining with ethid- 
ium bromide. Linkage analysis, and subsequent chromosomal lo- 
calization were obtained through use of the Stanford Human Ge- 
nome Center RH server (hltpi/Avww-shgc.star^ordedu/RH/). 



Expression information 

First strand human cDNA libraries from multiple tissues were 
screened with gene specific primers. The commercial panels 
(Clontech) screened were: panel I (heart, brain, placenta, lung, liv- 
er, skeletal muscle, kidney and pancreas), panel U (Spleen, thy- 
mus, prostate, testis, ovary, small intestine and colon), immune 
panel (spleen, lymph node, thymus, tonsil, bone marrow, fetal liv- 
er, peripheral blood leukocyte) and a blood fraction panel (mono- 
nuclear, resting CD8+, resting CD4 + , resting CD14+, resting 
CD19+, activated mononuclear cells, activated CD4+ and activated 
CD8+). The panels were screened by PCR amplification using 
primers specific for each gene: BP1 (5*-ACGCCAATATC- 
AA G ATC A GCG-3 ' and 5 7 - ATTCTCG AGTCATATTTTGGTC AT- 
TACTGGCAGAG-3'), BPIL1 (5 '-GATATCCAGTGGACTCTTC- 
TACC-3' and 5 '-CA GGTCTATACAGCCTGGAGG-3*), BPIL3 
(5 '-CA AGCTTGCTGATGCCGGGGAGGC-3 9 and S'-CATGCA- 
CTGAGTACTGGACCTTCAG-3 *), BPIL2 (5 * -C ATTATTGCAA- 
GTG AAGTCAAAGC-3 ' and 5 ACC ATGAAGGGCTGGGACA- 
AGATG-3*) and G3PDH (5 *-TG AAGGTCGGAGTCAACGGA- 
TTTGGT-3 ' and 5 '-CATGTGGGCCATGAGGTCCACCAC-3 *). 
PCR was performed for 30 cycles using the following conditions: 
an initial denaturation at 94 °C, followed by 30 cycles of 30 s at 
94 °C, 30 s at 54 °C and 1 min at 72 °C, followed by an extension 
of 1 0 min at 72 °C. The amplification product for each gene was de- 
tected by analysis on agarose gels stained with ethidium bromide. 



Structure modeling 

Three-dimensional structural models of the BPIL proteins were 
generated with the GeneAtlas software package (Accelrys, San 
Diego, Calif.), These models were predicted based on a search of 
4250 non-redundant Protein Data Bank structures (http^/www. 
rcsb.org/pdb), using a PSI-BLAST multiple alignment sequence 
profile-based searching method (Myers and Miller 1988) and High 
Throughput homology modeling, an automated sequence and 
structure searching procedure (Sali and Overington 1994). The 
known crystal structure of BP1 (Beamer et al. 1997) was the best 
fit structure of 4250, and was used as a template for structural 
overlays using Profiles-3D, a threading program that measures the 
compatibility of the protein model with its sequence using a 3-D 
profile. Using defined parameters, Profiles-3D computes a score 
for the model normalized by the length of the amino acid se- 
quence. 



In situ hybridization 

All tissues were fixed in 1 0% neutral buffered formalin, paraffin- 
embedded, and cut into 4-um thick sections. Sections were placed 
onto Ventana's ChemMate Capillary Gap Slides (POP075). Tis- 
sues were hybridized with a DIG-labeled (Roche Molecular Bio- 
chemicals) BPIL2 -specific antisense riboprobe. The BPIL2 probe 
was derived from a 414-nt coding sequence between»the primers 
5 '-CATTATTGCAAGTG AAGTCAAAGC-3' and 5'-ACCATGA- 
AGGGCTGGGACAAGATG-3 \ QualTek Molecular labs (Santa 
Barbara, Calif.) performed the automated in situ hybridization us- 
ing a modified version of a previously published procedure 
(Myers et al. 1995). The Ventana Medical Systems (Tucson, Ariz.) 
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TechMate Automated Staining System was used for this proce- 
dure. After deparafinization, the tissues received a mild protein- 
ase K treatment. Hybridization was performed with a probe con- 
centration of 0.1 ng/fil, followed by RNAse treatment, and strin- 
gency washes at 2x and O.lx SSC at 54 °C. Incubation with alka- 
line phosphatase-conjugated anti DIG antibody was followed by a 
BCIP-NBT chromogen incubation (violet color). The slides were 
subsequently counterstained with Eosin (pink). 



Results 

Isolation of human BPI homologues 

Three human cDNAs with similarity to the human BPI 
amino acid sequence were identified in the HYSEQ ex- 



BPI 487 

LBP 481 

BPIL2 SKQQPSFHVWEGLNLISRQWRGKSAP 507 

PLTP LREVI EKNR PADVRASTAPT PSTAAV 4 93 

CF.TP 360 

BPIL3 453 

BPIL1 458 



Fig. 1 Alignment of amino acid sequences for human members of 
the LT/LBP family. Gaps were manually introduced to optimize 
alignments. Alignments were computed using the ClustaJ W (1.74) 
program (Myers and Miller 1988). Asterisks indicate identical 
amino acid residues, colons indicate conserved amino acid resi- 



pressed sequence tag database. This database has been 
developed through a unique approach for identifying 
rarely expressed genes (SBH) (Drmanac and Drmanac 
1999). 

The deduced amino acid sequence of BP1L1 encodes 
an ORF of 458 amino acids (Fig. 1). The amino acid 
similarity to BPI is 43% (Table 1) but it also displays a 
significant degree of homology to two probable ligand- 
binding proteins CAC 18887) (42%) and RYA3 (acces- 
sion no. CAC18886) (42%) (Dear et al. 1991; Beamer et 
al. 1998). BPIL1 also displayed (46%) homology to tenp s 
a developmentally regulated gene expressed in chicken 
brains during neurogenesis (accession no. AAC 14583) 
(Yan and Wang 1998). The Kozak nucleotide consensus 
sequence (ANNATGG) (Kozak 1987) flanking the initia- 
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dues and dots indicate residues with weakly-related properties. 
Conserved cysteine residues have been boxed. Accession numbers 
in the public database for proteins used in this figure are: BPI 
(P17213), LBP (P18428), CETP (A26941), PLTP (A53533), 
BPIL1 (AF465765), BPIL2 (AF465766) and BPIL3 (AF465767) 



BPI MRENMARGPCNAPRWVSl>fVLVAIGTAVTAAVNPGV\n/1USQKGLDYASQ 

LBP -MGAIAR ALP- -SILL/U^LLTSTPEALGANPGLVARITDKGl^QYAAQEGLLALQSELLRITLPDFTG — DLRI PKVGRGRYEFHSLNI H5CELLHSA 

BPIL2 MCTK T I FVLWGC FLLWNLYVS SSQT I Y PG I KAR I TQ RALDYGVQAGMKMI EQMLKE KKL POLS GS ES LE FLKVDY VN Y N FS N I K J SA FS FPNTS 

PLTP MAXFGALFlALlAGAKAEFPGCK3RVTSE<ALELVK0EGLRrLEQELETlTlPDLRG KEGHFYYNISEVKVTELQLTSSE 

CETP MLAAWLTLALLG^HACSKGTSHEAGIVCRITKPALLVIJ^HETAKVIQTAPQRASYPDITG — EKAMMLLGQVKYGLHNIQISHLSLASSQ 

BPIL3 MLR I LCLALCSLLTGTRADPGALLRL GMDI MNQVQSAMDE5H I LE -KMAAEAG KKQPGMKPIKGITNLKVKDVQLPVIT 

BP1L1 MAWASRLGLLLALLLPWGASTPGTVVRI^KAALSYVSEIGKAPLQRALOV-TVPHFLD WSGEALQPTRIRILNVHVPRLH 



SSGRPTVTASS C 5SD1ADVEVDMS — GDLCWLLNLFHNQTE8 



BPI JSMVPNVGLKFSJSNANIKIBGKWKAttKRFLKMSGNFDLSIEG^^ 

LBP LRPVPGOGLSLSI SDSSIRVQGRWKVRKSFFKLOGSFDVSVKGIS I SVN LLLGSE — 

BPIL2 LAFVPGVGIKALTNHGTANISTDWGFESPLFQDTGGADLFLSGVYFTGIIILTRN-'- 

PLTP LDFQ PQOE LMI/QI TNASLGLRFR RQ LLYW FFYDGG Y I NAS AEGVS I RTGLELS RD 

CETP VELVEAKSIDVSIQNVSWFKGTLKYGYTTAWWLG1D0SIDFEI 

BPXL3 LNFVPGVGI FQCVSTG-MTVTG KSFMG--GNMEIIVALNITATNRLLRDE 

BPIL1 LKFIAGFGVRLLAAAN FTFKVFRAPEPLELTLP-VELLADTRVTQS— i 



-ETGLPVFKSEG Z ETVl 



GEL5VLYNSFAEPMEK 
-GTFKKVYDFLSTFITS 
DS A 1 D LO I KT QLT C DS GRVRT QAPDfcAf LS FH KLLLH LQGE RE PGW I KQLFTNFl S F 



DFGHPTLKLOC C I'AQLSKAHVSFS— 
PAGRMKVSNVS C 2ASVSRMHAAFG— 



SIRTPWSISACPLFSCHANEFOG 



ILVNVKTNLP SNMLPKMVNKFLDS 

SNSTSHALLVLVQK 



BPI 

LBP 

BPIL2 

PLTP 

CETP 

BPIL3 

BPI LI 



ALRNKMNSO^^KWNSVSSXI^PYFOTLPV^KIDSVAGINYGLVAPPATI'AETLDVOMKGEFYSBNH — HN F PF FAP- PVME FPAAHDRMVY LGL S D Y 
ippMIQKSVSSDLQPYLQTLPVTTEJ DSFAOI DYSLVEAPRATAQMLEJVRFKGET FHRNH — RSPVTLLA-AVNSLPZEHNKMVYFAI SDY 
1 1ASEVK-ALNANLSTLEVLTKIDNYTLLDYSLISSPEITENYLDLNLKGVFY PLEN--LTDPPFSP-VPFVLPSRSNSMLYIGIAEY 
GMRFLLNGXJll^PVLYHAGTVLLNSLLDTV PVRSSVDE LVGI DY SLMKD P VASTS NLDMDFRGAFFPLTE--KJWSLPNK-AVBPOW}KEKRMVYVAFSEF 

TLKLVLKGQI :<EII^VISN-IMADFVQTRAASILSDGD1GVDISLTGDPVITASYLESHHKGHFIYKN VSEDLPLP-TFSPTLl«GDSKMI*YFWFSER 

TLHKVXPGLW : ?AIDAVLV-YVNBKWTNLSDPMPVGQMGTVKYV1>ISAPATTASYIQLDFSPVVQQQKG — KT IKLADAGEALT FPEG YAKGSSQLLLPA 
HIKAVLSNKlt^S ISNLVQ-GVNVH LCTLI GLN PVGPESQI RYSMVSVPTVTSDYI SLEVNAVLFLLGKPI I LPTDATPFVLPRHVGTEGSMA1VGLSQQ 



KFQKVLESRI : 
PILKNLNEMl 



BPT FFNTAGLWQEAGVLKMTLPODMI PKESKFRLTTKFFGTFLPEIVAKKFPN-MKI0IHVSASTPPHLSV0PTGLTFYPAVDV0AFAV-LPNSSLASLFL1G 

LBP VFNTASLVYHEEGYLNFSITDDMI PPDSNIRLTTKSFRPFArpRLARLYPN-MNlXL<>GSVPSAPLIWFSPGNLSVDPYMEIDAFVL-LPSSSKEWFRLS 

BP 11.2 FFKSASFAHFTAGVFWTI*STEE1S — NHFVQNSQGLGNVL5RIAEI YI LSQPFMVRIMATEPPI INLOPGNFTLDI PASIMMLTQ-PKNSTVETIVSMD 

PLTP FFDSAMESYFRAGAL£LLLVGDKVPHDLDMLLRATYFGSIVLLSPAV1DS — PLKLELRVIJ\PPRCT1KPSGTTISVTASVTIALV-PPDQPEVQLSSMT 

CETP VFHSLAKVAFODGRLMLSLMGDEFK AVLBTWGFNTNQEI FQELSAA SPARPKSPSTASRCPRSPAKTRESWSI -LQ 

BPIL3 TFLSAELALLQKS- FHVNIQDTMI G— ELPPQTTKTLARF1 PEVAVAY PKSKPLTTQ I K I KK P PKVTWKTGKSLLH LHSTI.EMFAARWRSKAPM3LFLLE 

BPIL1 LFDSALLLLQKAGALNLDITGQLRS--DDNLLNTSALGRLI PEVARQFPEPMPWLKVRl/^TPVAMLHTNNATLRLOPFVEVI AT-ASNSAFQST.FSI.n 



BPI MHTTGSMEVSAESNRLVGELKLDRLL-LELKHSNIGPFPVELLQDIMNYIVPILVLPRVNEKW^ 

LBP VATWSATT.TFNTSKTTGFT.KPGKVK-WJ.KF.SKVGT.F^AFJ.t.F^ 

BPIL2 FVASTSVGLVILGQRLVCSLSLKRFR-LALPESNRSNIEVLRFENILSS1 LKFCVLPLANAKI«GX}GFPLSNPHKF1.FVNSDIEVLEGFLL1STDLKYETS 

PLTP MDARLSAKMAIJIGKATJITQLDLRRFTl-IYSNHSALESLALIPLQAPLKTMLQT 

CETP ' — 

BPIL3 VHFNLfCVQYSVHENQMJMATSLURLl^LSRKSSSlGNFNERELTGFlTSYLE 

BPILl VWNLRLQLSVSKVKLQGTTSVLGDVQLTVASSNVGFI DTDQVRTLMGTVFKKHI.UJH LNALLAMGIALPGWNLHYVAPEI FVYEGY WISSGLFYQS- 
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Table 1 Sequence similarity 
and identity. Initial numbers 
represent percent similarity 
between the indicated LT/LBP 
protein family members, while 
the numbers in parentheses 
represent percent identity 
between family members as 
determined by using the 
ALIGN pairwise program 
(Myers and Miller 1988) 
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Fig. 2 Gene organization of BPI, BPIL1, BPIL2 and BPIL3. Ex- 
ons (Roman numbers) and their nucleotide lengths (Arabic num- 
bers) are indicated. Introns are not drawn to scale. The locations 
of the first ATG and the stop TGA codons are shown. Conserved 
cysteine residues are shown within ex ons 4 and 6. Bracketed num- 
bers reflect the exon sequences corresponding to the open reading 
frame 



tion codon is well conserved and was preceded by an in- 
frame termination, 22 codons upstream from the putative 
initiation site. There are four potential N-glycosylation 
sites [Asn-X-(Ser)/(Thr)] in the predicted sequence. Re- 
cently, a full-length cDNA from a human liver HepG2 
cDNA library was found to be identical to BPIL1 (acces- 
sion no. AK027068). Another human EST (480 nt) with 
identical sequence to BPJL1 was found to be downregu- 
lated in larynx carcinoma (accession no. AJ403124) 
(Frohme et al. 2000). Additionally, several mouse 
cDNAs isolated from a mouse adult male tongue cDNA 
library appear to be orthologs of BPIL1 (accession nos. 
AK010157, AK009754, AK009619 and AK009346), 
The genomic organization of BPIL1 was determined by 
aligning the cDNA sequence to the genomic sequence 
found in GenBank (accession no. AL121756) (Fig. 2), 
Protein secondary structure prediction using the comput- 
er server SignalP (htt]b://genome. cbs.ctu.dk/servic- 
es/SignalP) predicted the location of a signal peptide 
cleavage site immediately after Ala^, indicating that 
BPIL1 may be secreted. 

The deduced amino acid sequence of BPJL2 encodes 
an ORF of 507 amino acids (Fig. 1). The amino acid 
similarity to BPI is 49% (Table 1). An in-frame stop co- 



don is found five codons upstream from the putative ini- 
tiation codon. There are ten potential N-glycosylation 
sites in the predicted sequence. Protein secondary struc- 
ture prediction using the computer server SignalP pre- 
dicted the location of a signal peptide cleavage site im- 
mediately after Ser^. The structure of the BPIL2 gene 
was determined by aligning the cDNA sequence to the 
genomic sequence found in GenBank (accession no. 
AL021937) (Fig. 2). We have identified several splice 
variants of BPIL2. One splice variant is missing exon 4, 
known to contain the first of two cysteine amino acid 
residues totally conserved in the LT/LBP family (Fig. 2). 
A second variant fails to splice exon 14, resulting in pre- 
mature termination of the ORF; nine amino acid residues 
into the adjacent intron sequences. Recently, an EST 
(485 nt) identical to BPIL2, from a brain glioblastoma 
cDNA library was entered into GenBank (accession no. 
BF245271). 

The deduced amino acid sequence of BPIL3 encodes 
an ORF of 453 amino acids (Fig. 1). The amino acid 
similarity to BPI is 44% (Table 1), but it also displays 
significant amino acid similarity to the rat proteins 
RY2G5 (52%) and RYA3 (45%). The genomic organiza- 
tion of BPJL3 was detennined by aligning the cDNA se- 
quence to the genomic sequence found in GenBank (ac- 
cession no. AL 1 2 1 756) (Fig. 2). A splice variant missing 
exon 1 2 was identified. This resulted in a frameshift af- 
ter Asn 396 , leading to the premature termination of the 
ORF, three amino acids downstream from the splice site. 
There are two potential N-glycosylation sites in the pre- 
dicted sequence. Protein secondary structure prediction 
by Signal P predicted the location of a signal peptide 
cleavage site immediately after Ala, 8 . 

The amino acid identity among members of the 
LT/LBP family ranges from 18% to 44% (Table 1). The 
highest degree of identity was found among the LPS 
binding proteins BPI and LBP. This similarity at the 
functional level is also reflected in the phylogenetic 
analysis (Fig. 3). 



Structural modeling of the BPIL proteins 

The three-dimensional structural models of the BPIL 
proteins were predicted based on a search of 4,250 non- 
redundant Protein Data Bank structures. The known 
crystal structure of BPI (Beamer et al. 1997) was the 
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Fig. 3 Phylogenetic analysis of the LT/LBP family. The length of 
each pair of branches represented the distance between sequence 
pairs. The scale beneath the dendogram indicates the distances be- 
tween sequences. Dendogram prepared using Clustal W and Meg- 
Align programs (Dnastar, Madison, Wis.). 

best- fit structure, which was used as a template to model 
the BPIL sequences (Fig. 4). These models predict the 
characteristic boomerang-shape structure, with two simi- 
lar barrel regions and two hydrophobic potential binding 
pockets found in the other members of LT/LBP family. 
The BPIL amino acid sequences also have conserved 
cysteine residues that are involved in disulfide bond for- 
mation between the final strand of the N- terminal beta 
sheet and the long alpha helix (Cys I37 -Cys n4 for BPIL1, 
Cys, 6r Cys 200 for BPIL2, and Cys 137 -Cys m for BPIL3). 
Interestingly, the structural regions of the BPIL mole- 
cules that correspond to the three previously determined 
antimicrobial sites of BPI (amino acids 17-45, 82-108, 
and 142-169) (Little et al. 1994), have fewer positively 
charged residues compared with BPI. In total, these three 
regions carry the following predicted net charges for the 
four structures: BPI (+13 charges); BPIL1 (-1 charge); 
BPIL2 (-6 charges); BPEL3 (+3 charges). 



Chromosomal location and genomic structures 
of BPIL genes 

The BPIL genes were mapped in vitro using the NIGMS 
human/rodent somatic cell hybrid mapping panel 2 and 
the Stanford G3 Human/Hamster Radiation Hybrid panel 
(Materials and methods). BPIL J mapped to Chromosome 
20 and to a region close (28 cRs) to marker SHGC- 15969 
with a LOD score of 8.44. BPIL3 was mapped to Chr 20 
and a region proximal (47 cRs) to the marker SHGC- 
7112 with a LOD score of 4.44. Markers SHGC-15969 
and SHGC-7 1 1 2 are also in close proximity to the BPI lo- 
cus (SHGC-12397, 20qll-ql2), indicating that the 
BPIL3, BPIL1 and BPI genes are close to each other. The 
proximity of these genes was recently confirmed in silico 
by the NCB1 Map Viewer (http://www.ncbi.nlm.nih. 
gov/cgi-bin/Entrez/map_search). BPIL1 and BPIL3 (also 
known as LOC128859 on Map Viewer) were located to 
the contig NT_028392 while BPI was located to the adja- 
cent contig NT_011392. The physical distance between 
BPIL3 and BPIL1 was measured to be 8 kb. The distance 
between BPIL3 and BPI was approximately 5.0 Mb. 
BPIL2 was mapped to Chr 22 in close proximity to the 
SHGC-10497 marker with a LOD score of 12.33 at a dis- 
tance of 0 cRs. SHGC-10497 is 15 cRs from the SLC5AJ 




Fig. 4 Surface plots of the crystal structure of BPI and the 3- 
dimensional models of BPIL1, BPIL2, and BPIL3. Basic (posi- 
tively-charged) residues are blue, while acidic (negatively- 
charged) residues are red. The view is oriented so that the N-ter- 
minal barrel is on the left. The region containing the phospholipid 
N-terminal barrel binding pocket is indicated by the arrows 

locus on 22ql2 (Turk et al. 1993). BPIL2 was identified 
on the NCBI Map viewer as LOCI 29 103 in contig 
NTJ31 1 520 and it was 305 kb apart from SLCSAL 

The ORFs of the BPIL genes are distributed over 1 5 
exons and their exon/intron organization is similar to that 
of£P/(Fig. 2). 



Expression of BPILs in different tissues 

Since BPI expression is restricted to neutrophils and eo- 
sinophils, the BPIL genes were screened using a multiple 
tissue cDNA panel from immune related tissues (Materi- 
als and methods). PCR amplification of cDNAs from 7 
normalized tissues revealed that BPIL3 was expressed 
only in tonsil (Fig. 5). BPIL I expression was detected in 
tonsil along with a very low level detected in fetal liver. 
BPIL2 expression was not detected in this panel of tis- 
sues. Interestingly, the expression of BPI, which was 
found to occur preferentially in the bone marrow, did not 
overlap with that of the BPIL genes (Fig. 5). Expression 
of BPIL1, BPIL2 and BPIL3 was not detected in other 
cDNA panels (see Materials and methods for a list of tis- 
sues tested) (data not shown). SBH expression data 
found BPI abundantly expressed in a leukocyte cDNA li- 
brary, consistent with its expression in neutrophils and 
eosinophils, while BPIL3 and BPIL1 were found at very 
low levels in a trachea cDNA library and BPIL2 was 
found in a fetal skin library. 
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Fig. 5 Expression analysis of BPILl , BPIL2 and BPIL3. Gene ex- 
pression was assessed by semi-quantitative PCR amplification us- 
ing gene-specific primers and first strand cDNAs from a panel of 
human immune tissues (Materials and methods). Copy DNAs 
were from: 1 spleen, 2 lymph node, 3 thymus, 4 PBL, 5 Bone mar- 
row, 6 fetal liver and 7 tonsil 





Fig. 7a-e In situ hybridization of DIG-labeled BPIL2 riboprobes 
to human skin tissue sections, a lOOx magnification of normal 
forearm skin hybridized with antisense probe, b lOOx fetal skin 
hybridized with antisense probe, c lOOx psoriasis forearm skin hy- 
bridized with antisense probe, d lOOx psoriasis forearm skin hy- 
bridized with sense probe, e 200x High-power view showing pref- 
erential staining of the basal cells of the epidermis in the skin 
specimen with psoriasis 
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Fig. 6 Quantitative expression of BPILl and BPIL3 in normal vs 
hypertrophic tonsil. The expression was determined by rc^al-time 
fluorescent RT-PCR in normal (white bars) and hypertrophic 
(black bars) tonsils. Amplifications of first strand cDNA were 
performed with gene-specific primers, and expression levels were 
normalized to those of cyclophilin 40 

The expression of BPIL3 and BPILl in tonsil was 
studied in more detail using a real-time PCR approach. 
Normal and hypertrophic tonsil first strand cDNA li- 
braries were assayed with primers specific for BPJL3, 
BPILl, as well as the housekeeping genes cyclophilin 40 
(CYPD) and the ribosomal protein gene RPS2L We 
found that the expression of BPILl (five-fold) and 
BPIL3 (16-fold) was significantly up-regulated in the hy- 
pertrophic samples while the expression of cyclophilin 



40 remained constant (Fig. 6). Similar results were ob- 
tained when the samples were normalized to the expres- 
sion of the housekeeping gene RPS21 (data not shown). 

The BPIL2 cDNA was initially identified as a tran- 
script from a human fetal skin library. To localize the ex- 
pression in skin, in situ hybridization analysis of BPIL2 
expression was performed (Fig. 7). Skin samples from 
fetal, adult normal, and psoriasis specimens were ana- 
lyzed. A sequence-specific probe for BPIL2 failed to de- 
tect expression in fetal and adult skin. However, binding 
of the probe was detected prominently in the basal layer 
of the epidermis from inflammatory skin of psoriasis 
specimens. 



Discussion 

We have identified three novel human cDNAs that en- 
code proteins sharing structural and sequence homo- 
logies with the Lipid transport/LPS binding protein 
(LT/LBP) family members {BPI, LBP, PLTP and CETF), 
The amino acid sequences for the three BPIL proteins 
showed regions of similarity with the LT/LBP members 
extending over the full length of the proteins. The most 
salient feature is the conservation of two cysteine resi- 
dues, known to anchor the amino tenninal domain of the 
BPI protein (Beamer et al. 1997). These two cysteines 
are critical for the function of BPI (Horwitz et al. 1996) 
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and are conserved in all members of the LT/LBP family, 
BPILI, BPIL2 and BPIL3 also display amino acid simi- 
larity to two rat proteins (RY2G5 and RY3) thought to be 
relatives of the LT/LBP family (Beamer et al. 1998). 

Structural modeling of the three new BPIL proteins 
utilizing homology modeling (Sali and Overington 1994) 
or a modified threading method (Burstein et al. 2000) re- 
veals that the amino acid sequences and properties from 
all three proteins make it possible for them to share a 
conformation similar to that of BPL Like the other mem- 
bers of the LT/LBP family, all three of these BPIL mole- 
cules are predicted to include two hydrophobic pockets, 
which may transport small hydrophobic ligands. Al- 
though there is structural similarity in the backbone of 
these molecules and the crystal structure of BPI, signifi- 
cant differences exist in the amino acid side-chains, re- 
sulting in differential charge distribution at the surfaces. 
Of note is the net charge in the N-terminal regions of 
BPI that have been implicated in LPS-binding, LPS-neu- 
tralization, and bactericidal activity (Little et al. 1994). 
Interestingly, like other members of this family of pro- 
teins that lack bactericidal activity, CETP and PLTP 
(which have neutral and +4 charges, respectively), the 
BPIL proteins have negative or only weakly positive net 
charges in these regions as compared to BPL 

BPILI and BPIL3 were mapped to a region at or near 
20qll-ql2, resulting in five closely related genes, in- 
cluding BPI, LBP and PLTP, located in this region. The 
other two members, CETP and BPIL2 are located on 
Chrs 16 and 22, respectively. Analysis of the BPILI, 
BPL2 and BPIL3 exon/intron boundaries revealed that 
the ORFs were distributed among 15 exons (Fig. 2). BPI 
and PLTP also have 15 exons, while LBP and CETP 
have 14 and 16 exons, respectively (Hubacek et al. 
1997). The exon size is also highly conserved, suggest- 
ing a common origin for all these genes, with different 
degrees of divergent evolution. 

Each of the three new members of the LT/LBP gene 
family showed low levels of expression in normal tis- 
sues. Though BPIL2 was originally identified as a rarely 
expressed gene in fetal skin, expression could not be de- 
tected in any of the cDNA panels used in our studies 
(Fig. 5 and Materials and methods). In situ hybridization 
likewise failed to detect expression in fetal and normal 
adult skin tissues. However, expression of the gene was 
detected within the basal cell layers of the epidermis in 
skin samples from psoriatic tissue. The expression of the 
BPILI and BPIL3 genes was detected in tonsils (Fig. 5). 
We confirmed and compared the expression in normal 
and hypertrophic tonsil samples using a quantitative real- 
time PCR approach (Fig. 6). Interestingly, both genes 
were upregulated in the hypertrophic tonsil, suggesting 
that they may play a role in disease progression. 

The sequence similarity to the LT/LBP family sug- 
gests that the BPIL proteins likely perform similar fun- 
damental functions in vivo. Their restricted pattern of 
expression, in particular their overexpression in inflamed 
disease tissues, suggests that these genes may play a role 
in innate immunological functions. Possible roles for 



these proteins include binding small hydrophobic ligands 
that play roles in inflammation, host defense or pain, 
such as prostaglandins, leukotrienes and lipoamino acids 
(Huang et al. 2001; Chenchik et al. 1996). Alternatively, 
small molecules shed by invading microorganisms could 
also serve as ligands for these proteins. Such interactions 
could in turn trigger an immune response as in the case 
of the LBP protein and its interaction with bacterial LPS. 
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